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M A N U E L  CARDONA 
MANUEL CARDONA IS DIRECTOR OF THE MAX PLANCK 
INSTITUTE, IN GERMANY, ONE OF THE MOST IMPORTANT 
RESEARCH CENTRES IN THE WORLD, DEVOTED TO THE 
STUDY OF THE SOLID STATE, AND A MEMBER OF THE UNITED 
STATES NATIONAL ACADEMY OF SCIENCES INCE 1987. IN 
THIS INTERVIEW, CARDONA DISCUSSES THE LATEST 
SCIENTIFIC DISCOVERIES IN HIS SPECIALITY AND THE 
CHANGES THE SCIENTIFIC WORLD CAN MAKE IN 
THE NINETIES. 
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INTERVIEW 
anuel Cardona showed great 
skill in solving mathematical 
problems. This, and the fact of 
having coincided with good physics 
teachers at his secondary school, made 
him decide to take a degree in Physics. 
This was in the fifties, a difficult time at 
the University of Barcelona, though Car- 
dona nevertheless remembers it as 
being a useful one. The syllabus was 
archaic and the possibilities for experi- 
menting practically nil. Even so, a small 
group of students who were keen to 
learn and some successful classes kept 
him on his chosen path: science. He had 
made the choice long before, when his 
technological experiments were based 
on the material he got out of old wire- 
less sets. His financia1 situation and the 
times he lived in didn't allow for more. 
Perhaps his future was also marked by 
the pragmatic, cold and determined na- 
ture one glimpses behind his speech. 
After Barcelona, he went to Madrid. He 
didn't stay long, just long enugh to ini- 
tiate himself in the world of semi- 
conductors. Soon, he left for the United 
States, without knowing exactly where 
he was going. He had heard of Harvard 
and that was the name he put on the 
form at the American embassy. He was 
right; Harvard was a good place, as 
he'd heard. 
After getting his doctor's degree, he 
went to work at the RCA laboratories in 
Switzerland for two years; from there, 
realising that the same company's labo- 
ratory in Princeton offered more 
chances for research, he went back to 
the USA. After this, a longer and more 
stable period started as professor at 
the Brown University in Rode lsland 
State for seven years. A sabbatical year 
gave him the chance to study syncroton 
radiation in Hamburg, Germany. 
What was supposed to be a sabbatical 
year became his return to Europe. The 
Max Planck lnstitute for the study of 
solids had just been set up in Stuttgart, 
Germany. Since then, Manuel Cardona 
has made Stuttgart his base as one of 
the directors of the centre. A base from 
which he proiects his work al1 over the 
world. 
In thirty years of intense work, Manuel 
Cardona has published more than five- 
hundred original works and eight 
monographs. Hardly surprisingly, in 
one of these modern scales of measure- 
ment, bibliometry, daughter of an age in 
which it seems that everything can be 
measured, Manuel Cardona is  listed as 
one of the 1,000 most consulted scien- 
tists in the world and the best-known 
scientist in Spain. 
Our conversation has to be a quick one. 
He doesn't like giving too much time to 
the press. He knows they understand 
very little about semi-conductors and 
super-conductors and even less about 
phonons. And this, precisely, is his field. 
Having given up the study of super- 
conductors and devoted himself to se- 
mi-conductors for a long period, Car- 
dona is  once again researching on the 
first of these as a result of the discovery 
of high temperature super-conductors. 
He knows about the fascination that 
science inspires in the lay man. And 
about the ignorance with which people 
approach the scientific world. An igno- 
rance which tends to get less and less in 
view of the interest roused by the sci- 
ence supplements of large newspapers. 
Perhaps because of his awareness of 
this, Cardona doesn't entirely refuse to 
talk about the world of science and al1 
that surrounds it. A world which in 
theory is  divorced from functions and 
repercussions but which is  intrinsically 
linked to the great issues of humanity. 
And thanks to this, it's possible, during 
this conversation with the scientist, to 
discuss budgets, military technology, 
the removal of borders and the reper- 
cussions that the hypothetical world dis- 
armament we so badly want would 
have for science. 
Manuel Cardona maintains a youthful, 
healthy appearance and seems to have 
assimilated the experiences that have 
made him as much an American citizen 
as a European citizen. This may be why, 
sitting in the lobbby of a Barcelona 
hotel, he looks more like an American 
tourist than a European scientist living in 
Germany. 
But this fact, which could be reduced to 
the level of a simple anecdote by which 
I take the liberty of making science 
more literary, is reflected in Manuel 
Cardona's internationalist character. 
He has repeatedly declared that "re- 
search means nothing outside of the in- 
ternational community" and that he 
-whose work has taken him abroad- 
has never wanted to dramatize the 
diaspora imposed on the maiority of 
scientists from underdeveloped coun- 
tries. On this subject, as on many 
others, he is categorical, making no con- 
cessions to what should have been, but 
simply considering what has been. His 
conclusions are clear: if al1 these scien- 
tists had stayed in their own country, we 
wouldn't have done what we're doing. 
Manuel Cardona applies this same cri- 
terion to the diaspora now beng lived 
by the countries of Eastern Europe. His 
analysis avoids demagogical, negative- 
positive classifications and always 
leaves a door open to the positive side 
of things. 
First of all, even though our readers 
aren't scientists, I'd like it if you could 
tell us something about the present 
state of the super-conductors. 
-That was a very spectacular discovery 
which attracted a lot of people. It's one 
of the few issues in modern science to 
which the media, economic circles and 
the general public have been attracted 
on a large scale. This muy be because 
it's a very spectacular discovery that 
can be demonstrated anywhere. If I 'd 
brought the right material, 1 could do it 
right here, on this table. Everybody 
finds it fascinating to see how materials 
can levitate and move without any fric- 
tion at all. 
On the leve1 of the sociology of science, 
its impact and repercussions have been 
enormous. 
From the point of view of the scientist 
it's still very interesting. It was discov- 
ered three years ago, it earned a No- 
be1 prize and whoever comes up with a 
complete theory of the phenomen will 
probably get another one. But as far as 
its large-scale application is concerned, 
I'm afraid things are at a bit of a stand- 
still. There are problems in pre- 
paring materials suitable for large-scale 
application like conducting electricity. 
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There muy be changes in the future, but 
for the time-being this is only a possibi- 
lity. At the moment, its applications are 
on a smaller scale. 
Can it still be said that this discovery is 
going to change our future? 
-At the moment, 1 don't think this can be 
stated quite as categorically as it was at 
first. What we can say, without any pos- 
sible mistake, is that it's one of the most 
interesting scientific phenomena of our 
century. From the scientific point of 
view, it's still of great interest. There's 
still a lot of research going on at the 
moment. Since the phenomenon was 
discovered, research in this field has 
increased considerably. While before 
there were 1,500 research proiects in 
this field every year, now there are 
7,000. 
You might say we've moved on to a 
more technological level. Scientists are 
getting less involved and technologists 
are getting more involved. 
What are the difficulties in producing 
this material? 
-The problems start when it comes to 
producing the material in the form of a 
ductile wire, something that can be 
spooled and worked like a traditional 
cable. There are other super-conduc- 
tors that already existed before and 
that can be manufactured in the form of 
a wire, but they have to be cooled to 
the temperature of liquid helium. The 
latest materiols work at the temperature 
of liquid nitrogen. 
The old super-conductors were easier 
to work, but not in mass production. At 
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the moment, it moves something of the 
order of 300 million dollars, which is 
quite a significant amount if you bear in 
mind the size of the market. 
A large part of this is used for scientific 
ends. This is the case of the magnets 
used in nuclear resonance image diag- 
nosis, which can be said to have revolu- 
tionized medical diagnosis. 
At the same time, as regards the dev- 
elopment of this material, they're not al1 
scientific difficulties. You have to re- 
member there are established tech- 
nologies with which we have to compe- 
te. Even if they turn out to be less effi- 
cient, they already exist, they already 
have their market and that's a reality. 
SO from what you say, can we take it 
that you rule out their large-scale pro- 
duction? 
-That question hasn't got un answer; 
we can't make predictions. The answer 
is that we don't know. What 1 can say, 
though, is that if we do manage it, it'll 
be very slowly. It'll be the result of very 
hard work to solve existing problems. 
And even if we find a short-term solu- 
tion to these problems, there's the 
problem I've already mentioned of the 
established technologies. So that large- 
scale production will be iust as difficult. 
Whatever happens, we mustn't forget 
its application in specialist fields, which, 
as 1 said earlier, is having great success. 
What are you working on at the mo- 
ment? 
- We work with scientific issues, not with 
their application. People often confuse 
pure science with applied science and 
its subsequent development. In 1850, 
Faraday would never have dreamed 
that his experiments with spheres and 
magnets could lead to al1 of today's 
industry. The same has happened with 
almost al1 discoveries. Look at the use 
of laser for the compact disk. This was 
inconceivable for the scientists who dis- 
covered this kind of laser. 
We  scientists have the advantage that 
we don't have to worry about finding 
un immediate application for our dis- 
coveries. That's not our job. Our iob in- 
volves doing things that are of interest 
scientifically, and that means anything 
that contributes to our scientific know- 
ledge. 
Do governments encourage applied 
sience more than pure science? 
-0bviously. ItS much easier to iustify 
applied science before a parliament 
than it is pure science. But you also have 
to bear in mind that, except in a few 
cases, technological development is 
more expensive than pure science. 
The research world has also been af- 
fected by the fact that the world is no 
longer divided into two blocs. Pre- 
sumbly, these changes have been parti- 
cularly keenly felt in Germany. 
-1n the first few months, there was an 
invasion of scientists in Germany. It was 
almost too much. For many years, Ger- 
many tried to attract scientists, and it 
was the ones we didn't want who came. 
Now, following the political changes, 
what happens is that al1 the scientists 
we tried unsuccessfully to contact during 
those years are able to leave their 
country, and of course, the first thing 
they do is to come to Germany. This 
massive influx has puf a lot ofpressure 
on us. What we can say is that the 
borders have come down and suddenly 
everyone's arrived. 
Can the Soviet Union still be called a 
technological power? 
-Yes, but with reservations. The eco- 
nomy is in ruins. Chernobyl has played 
a key part in this process. There still 
aren't enough figures available to eva- 
luate the disaster, but its effect on the 
Soviet economy has been tremendous. 
This accident was the first blow to Gor- 
bachov's perestroika, because sud- 
denly everything was happening al1 at 
once. 
The country already had a scientific tra- 
dition. Peter the Great's wife, who was 
German, took a lot of scientists there 
with her. That was when the Science 
Academy was created. Apart from this 
tradition, the development of tech- 
nologies connected with the space and 
military industries have provided the 
Soviet Union with a broad scientific and 
technological foundation. 
There are great theoretical physicists, a 
good foundation, and, for the type of 
economy they had, a very large number 
of people have been working as scien- 
tists. Science was one of the few fields 
in which people could get anywhere, 
receive prizes, be in contact with the 
outside, or travel. It's one of the few 
sectors to have received incentives. 
What we can soy is that the level of 
science in the Soviet Union is higher 
than the level of its economy, while the 
level of the military arts and space re- 
1 search is above that of science. 
In this respect, the scientific diaspora 
that has taken place could at first have 
negative repercussions. Though in the 
2 long run it could turn out to be a good 
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thing because it'll lead to an exchange 
as well as to a series of opportunities 
that will eventually benefit the country. 
Whatever happens, this will take time, 
because the economic crisis prevents 
our making forecasts and because a lot 
of capable people have left for the 
United States. 
At the sume time, there are a number of 
ecological problems to be taken into 
account; problems that have gradually 
accumulated because the government 
didn't recognise them as such. Apart 
from the catastrophe of  Chernobyl, the 
Soviet Union's ecological disaster is 
horri fying. 
Is science geared to military require- 
ments? 
-Military and defence requirements 
play an important part in fomenting 
science. This is something that needs to 
be analysed from a historical perspect- 
ive. It's very difficult to draw the line be- 
tween science and militory technology. 
Are the United States an example of this 
policy? 
-1n the United States this has been done 
in a very specid way. And 1'11 te11 you 
why 1 think it's so important; because 
although the funds for scientific re- 
search are set by the defence budget, 
scientific research isn't marked by its 
possible applications. 
The United States armed forces, esp- 
ecially the navy, devote a lot o f  funds to 
research without worrying too much 
about the applications, as if they were 
also proud of the discoveries. 
In the case of a hypothetical world dis- 
armament, which in spite of having 
seemed on a number of occasions to be 
iust around the corner is now once 
again a long way off, do you think 
science will suffer as a result? 
- This very sume question has raised in- 
tense debate in the United States Aca- 
demy of Sciences. What people have 
been saying there is that if disarmament 
of this sort takes place, the government 
and the United States Congress must be 
persuaded that scientific research must 
not be allowed to suffer as a result of 
cuts in the defence budget. The feeling 
in the Academy is that the opposite 
should be tried, that funds for scientific 
research should increase as a result of 
this lack o f  a military pretext. 
Changing the subiect, as someone who 
has received various international 
prizes, what do you think of prizes as a 
stimulus to investigation? 
-Prires are always strange and contro- 
versial. Sometimes they have a good 
effect, other times, not so good. €ven 
the impact o f  the Nobel Prize varies. 
The responsibilities affecting a Nobel 
prize-winner can eventually destroy him 
or her. 
1 think prizes act as a reference. They 
help to fix the standards both of impor- 
tant figures and of schools of thought 
for future generations. 
In an interview you gave some time ago 
it was revealed that the annual budget 
of the Max Planck lnstitute was equal to 
the entire amount devoted by the 
Spanish state to scientific research. 
Things haven't changed very much. How 
do you view the present situation here 
with respect to Europe? 
-More than a problem of funds, what 1 
see here is a severe structural problem. 
University lecturers here aren't far be- 
hind their European colleagues. On the 
other hand, the leve1 amongst teachers 
involved in scientific research is very 
different. 
In Germany, we have a lot of resources. 
But here there are financia1 resources 
too. 1 think there's more money than 
there are people with the necessary 
training to use this money properly. A 
lot o f  foundations have been set up re- 
cently, the state contributes more funds 
and money starts arriving from the Eu- 
ropean community as well. Any com- 
petent group that wants to make pro- 
gress can. 
So what's the problem? 
- The problem, as I've already said, Es a 
different one. For example, posts here 
are occupied for life by people who in 
most cases haven't been involved in re- 
search for years. And as a result of this, 
young people find the way barred to 
them. 
It's a problem of  structure; government 
places are given to researchers who 
are too young and who don't know if 
they're going to spend al1 their lives in 
research. 
In Germany it's normal for someone to 
take their doctor's degree at the age of 
twenty-eight and have to wait eight 
years before getting a contract, They're 
given a permanent post when they're 
thirty-five, when they've shown that 
theysre going to devote themselves to 
research. They also have this problem 
in Frunce. On the other hand, it doesn't 
exist in Germany and the United States. 
In these two countries they're very care- 
ful about who they give a permanent 
research post to. 
